Voltage-induced motion of a magnetic domain wall (DW) has potential in developing novel devices with ultralow dissipation. However, the speed for the voltage-induced DW motion (VIDWM) in a single ferromagnetic layer is usually very low. In this work, we proposed VIDWM with high speed in a synthetic antiferromaget (SAF). The velocity for the coupled DWs in the SAF is significantly higher than its counterpart in a single ferromagnetic layer. Strong interlayer antiferromagnetic exchange coupling plays a critical role for the high DW velocity since it inhibits the tilting of DW plane with strong Dzyaloshinskii-Moriya interaction. On the other hand, the Walker breakdown of DW motion is also inhibited due to the stabilization of moment orientation under a strong interlayer antiferromagnetic coupling. In theory, the voltage-induced gradient of magnetic anisotropy is proved to be equal to an effective magnetic field that drives DW.
mainly attributed to strong antiferromagnetic exchange coupling between two ferromagnetic layers and the interfacial Dzyaloshinskii-Moriya Interaction (DMI) between a heavy metal layer and a ferromagnetic (FM) layer [11] . Very recently, voltage-induced motion of coupled skyrmions in an SAF at an ultrahigh velocity was proposed [13] . Nevertheless, the device based on DW motion seems easier in technique. In this work, VIDWM in the SAF is studied numerically and clear increase in DW velocity and inhibition of Walker breakdown has been observed and explained in theory. The schematic of VIDWM in the SAF is shown in Fig. 1 . In principle, the VIDWM is based on manipulation of magnetic anisotropy constant under an external voltage. In application, two routes can be exploited. One is based on the multiferroic behavior with the combination of converse piezoelectric effect and magnetostriction effect ( Fig. 1 (a) ) [5] . The other is originated from the variation of charge state at the metal/insulator interface under an external electric field ( Fig. 1 (b) ) [6] [7] [8] [9] . In either case, a wedge-shaped piezoelectric substrate or insulator layer is necessary for inducing an electric field strength (E) increasing from one end to the other under a voltage. This sloped E gives rise to spatial variation of magnetic anisotropy energy, and the DW in the ferromagnetic layer move towards the end with a lower anisotropy energy [5, 14] . In the SAF, the DWs in the upper and lower layer move together when the interlayer exchange coupling is strong enough.
The Object-Oriented Micromagnetic Framework (OOMMF) software with the code of interfacial DMI was exploited to do the micromagnetic simulation [15] . Initially, the DW is generated in the middle of track. After the gradient of K is applied on the track, the DW starts to move towards the end with lower K. In the single FM layer, the DW velocity is smaller than 100 m/s and the DW plane tilts when the gradient of K reaches 600 GJ/mDMI [16] [17] [18] [19] . However, in the SAF, the DWs move clearly faster and the DW tilting is inhibited by the interlayer RKKY interaction ( Fig. 1(b)-(d) ). The DW velocity increases with increasing gradient of K and the interlayer RKKY coupling.
It is also noticed the DW moves at an almost constant velocity when a is as small as 200 GJ/m 4 , but it moves at an ever-increasing speed when a becomes 600 GJ/m 4 ( Fig. 2) . This accelerated motion does not appear for the current-induced DW motion and is special for the voltage-induced DW motion [14] . In general, the DW velocity is strictly related to the temporal azimuthal angle of the moment in the central of DW, and it becomes stable when the azimuthal angle reaches a constant value. In a single FM layer, the azimuthal angle keeps decreasing in the process of DW motion, especially for the large gradient of K ( Fig. 2(a) ). In the SAF with strong interlayer exchange coupling, In addition to interlayer-exchange coupling, DMI is another important factor influencing the DW motion. In a single FM layer, average DW velocity and D satisfies nonmonotonous relationship, and maximum DW velocity appears at certain D (Fig. 3) . This nonmonotonous behavior also works for the variation of azimuthal angle with D, but it is clearly depressed under strong interlayer exchange coupling. In application, DMI is a double-edge sword for DW motion: A moderate DMI offers a torque that contributes to the driving force of DW motion [20] , but a strong DMI tilts the DW plane that reduces the DW motion [21] . Strong interlayer exchange coupling inhibits the DW tilting and enables the DW to keep its high velocity under a strong DMI. In VIDWM, a large gradient of magnetic anisotropy energy may introduce Walker breakdown [5] . The stabilization of DW structure under strong interlayer exchange coupling hints the possibility for inhibiting Walker breakdown. To prove this, we have done the simulation for DW motion in a single layer and SAFs with different DMI under large gradient of magnetic anisotropy constant (a) (Fig. 4) . In a single layer with D = −0.05 mJ/m 2 , Walker breakdown occurs when a is 2000 GJ/m 4 ( Fig. 4(a) ), but it is not observed in an SAF with Jex = −10 −3 J/m 2 even when a is as high as 2500 GJ/m 4 ( Fig. 4(b) ). In the single layer and the SAF with stronger DMI (D = −1.2 mJ/m 2 ), the Walker breakdown is depressed. This is consistent with the theoretical prediction about depression of
Walker breakdown by enhancing DMI [22] .
In theory, DW motion driven by the gradient of K can be depicted by the collective coordinate method. For simplification, the DW width is approximately taken as a constant, and the gradient of K is converted to an effective magnetic field that drives DW. The collective coordinates, including the position, the azimuthal angle, and the polar angle of the moment in the central of DW, are labeled as qL(U), φL(U), and θL(U), respectively. Here the subscript L and U denote the lower and upper layer, respectively. In a spherical coordinate system, the unit vector for the direction of magnetization is
, and the ansatz is expressed as [11] :
and
Here ∆ is the DW width that is approximately written as:
The DW dynamics is depicted quantitatively through the Gilbert equation:
Here eff H is the effective magnetic field that is related to the free energy density w as: 
. (6) The (Hz)i represents the effective magnetic field for the gradient of magnetic anisotropy. The absolute value of Hz of the two layers are the same [14] :
However, the signs of Hz for the two layers are opposite due to the opposite transition of magnetization in the two layers when two coupled DWs move in the same direction. Eqs. 5, 6, and whole track: After a numerical approximation of the integration in Eq. 8, the group of Thiele equations were resolved numerically with the initial condition q = 0 nm, φL = 180º, and φU = 0º. The numerical solution is close to that obtained from the simulation (Fig. 4) . The small deviation may come from the approximation for the constant DW width. On the other hand, the track in the simulation has finite length, and the DW motion slows down when it approaches the track end [14] .
In summary, a high-speed VIDWM in an SAF is predicted based on an electric-field-induced gradient of magnetic anisotropy. The velocity for the coupled DWs in the SAF is clearly higher than its counterpart in a single FM layer. Strong interlayer RKKY exchange coupling plays a critical role for the high-speed VIDWM since it inhibits the tilting of DW plane with strong DMI and the Walker breakdown. In theory, the gradient of magnetic anisotropy is proved to be equal to an effective magnetic field that drives DW. In application, the VIDWM may be realized based on multiferroic behaviors [23, 24] or voltage-induced variation of charge state at the metal/insulator interface [25] .
